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FOREWORD

The mission of the U.S. Geological Survey
(USGS) is to assess the quantity and quality of the
earth resources of the Nation and to provide informa-
tion that will assist resource managers and policymak-
ers at Federal, State, and local levels in making sound
decisions. Assessment of water-quality conditions and
trends is an important part of this overall mission.

One of the greatest challenges faced by water-
resources scientists is acquiring reliable information
that will guide the use and protection of the Nation’s
water resources. That challenge is being addressed by
Federal, State, interstate, and local water-resource
agencies and by many academic institutions. These
organizations are collecting water-quality data for a
host of purposes that include: compliance with permits
and water-supply standards; development of remedia-
tion plans for specific contamination problems; opera-
tional decisions on industrial, wastewater, or water-
supply facilities; and research on factors that affect
water quality. An additional need for water-quality
information is to provide a basis on which regional-
and national-level policy decisions can be based. Wise
decisions must be based on sound information. As a
society we need to know whether certain types of
water-quality problems are isolated or ubiquitous,
whether there are significant differences in conditions
among regions, whether the conditions are changing
over time, and why these conditions change from
place to place and over time. The information can be
used to help determine the efficacy of existing water-
quality policies and to help analysts determine the
need for and likely consequences of new policies.

To address these needs, the U.S. Congress appropri-
ated funds in 1986 for the USGS to begin a pilot pro-
gram in seven project areas to develop and refine the
National Water-Quality Assessment (NAWQA) Pro-
gram. In 1991, the USGS began full implementation of
the program. The NAWQA Program builds upon an
existing base of water-quality studies of the USGS, as
well as those of other Federal, State, and local agencies.
The objectives of the NAWQA Program are to:

* Describe current water-quality conditions for a

large part of the Nation’s freshwater streams,
rivers, and aquifers.

* Describe how water quality is changing over
time.

* Improve understanding of the primary natural
and human factors that affect water-quality
conditions.

This information will help support the development
and evaluation of management, regulatory, and moni-
toring decisions by other Federal, State, and local
agencies to protect, use, and enhance water resources.

The goals of the NAWQA Program are being
achieved through ongoing and proposed investigations
of 60 of the Nation’s most important river basins and
aquifer systems, which are referred to as study units.
These study units are distributed throughout the
Nation and cover a diversity of hydrogeologic settings.
More than two-thirds of the Nation’s freshwater use
occurs within the 60 study units and more than two-
thirds of the people served by public water-supply sys-
tems live within their boundaries.

National synthesis of data analysis, based on
aggregation of comparable information obtained from
the study units, is a major component of the program.
This effort focuses on selected water-quality topics
using nationally consistent information. Comparative
studies will explain differences and similarities in
observed water-quality conditions among study areas
and will identify changes and trends and their causes.
The first topics addressed by the national synthesis are
pesticides, nutrients, volatile organic compounds, and
aquatic biology. Discussions on these and other water-
quality topics will be published in periodic summaries
of the quality of the Nation’s ground and surface water
as the information becomes available.

This report is an element of the comprehensive
body of information developed as part of the NAWQA
Program. The program depends heavily on the advice,
cooperation, and information from many Federal,
State, interstate, Tribal, and local agencies and the
public. The assistance and suggestions of all are
greatly appreciated.

{lobert m. Herach

Robert M. Hirsch
Chief Hydrologist

FOREWORD il

— bt E V fFoLLdLYS —



CONTENTS

ADSITACT ...ttt e e sae R e eh e b bR e s et e R e e st e R e eR e e R R e R e e ke s ke b en b e sebenatenae nrenaeeaneensennnens 1
TIEEOAUCTION. ..ottt et e e e eee e a e e e e eet e he s st ebe s e s aes b e e be e baes e seesaberee e b e s bnaateesennsearasnresnens 1
PUIPOSE AN SCOPE. ....c.eiceiiir ittt e et e et s s e se et eh e e b e et e e ae e sme st e se et eeebeemseaseesmeesmeesnaeseessensnans 2
ACKNOWIEAZIMENLES ....cveeviierieiireieeicert et ch e ce et esb e bt e b e sk esesas b et ae s et e s abeseseeb s e st et arsnsessabesennbessnsnesensatersans 2
DeSCIIPLION Of SEUAY ATEA ....cc.eriveeireiieiiiieie et ch et rc e e e e b e bt e sa e s bt e be e b e e atesatesaeeenesaeeeenebenabeeatserbaasbesbacnsecrens 2
GEONYATOLOZIC SEHIMEZ. ... vt iveseie ettt ere s st e e et ee b st cat e be st e se st e s e eb e b e e s e s e e st e b stass e tesbassabsasses s esaasnessaneensansesbenseabeses 6
RECharge and flOW ........ovieiieee ettt e st ete ettt e e sh e et e eaen et e n e e ee e te e teenaesreenteenens 6
Study design and MELHOAS ...........ooieiiiiiii et e et s e st ettt e e er e e s et e et erest e be e 8
WVEIL SELECHION.. ...ttt e r e oottt s ee st b b st e ee bt s et e b et er e e b e sn et s b st e s et e e es 8
WL AESCTIPHIOMS. c.c. vttt ettt ettt et s b s s b eh e s et st s b eh et e s e s b bt st e bt et e st s bt emt s se e e saeseemtenns 8
SAMPIE COILBCLION......c.ittieiirii ittt ettt et r ettt etesee e e st s e ss b et e s es et et e e easeseeaeeaseseemtabe st ennanternenbentesbenean 12
WaALEr-QUALIEY ANATYSIS. cuiuviiiieteieeieiiiiteee st st e bt ettt stete et st st e st b e besaete e eb et e s e se s be e et ant st ensebe s emtbesaesaesasaesennens 12
SHAtISHCAL ANALYSIS. ...coeeree ittt e e sh e st e et b e ot e et eh e s e nR e eae e ehe e be e ebe e teraeteean 13
AE-dating ANALYSIS ...oveueereicii et e e s ettt 14
GIOUNA-WALET QUALILY ....uvieeevititceieies e ceein e et eee b eta et ebes e esebesaasts e eses b eteatabeseeanaeesesaases et eserseasaberesseaesenaeseesansessasnnensnss 14
Occurrence of inorganic and organic ChEMICALS...........ocieerieieecre ettt er et 14
Effects of geohydrologic factors and land use on water qQUALIty ...........cccoieieiiiiiicciinic s 21
SUIIMATY .1ttt ceeiiieiee st st stesee e b s e st eser et et teeat et s e s eaeereseese st cateseameseco st e e e s e saeaE e s emeeReeh e eeceremee et st emteseeaeeanententeneenresteabesenas 26
RETEIENCES CILEA......eetiii ittt e e bbb sates s e s s s eaesbe s e s b s b sa e e ebeomabesren 27
Appendix 1. Water-quality constituents analyzed in ground-water samples from wells in the western part
of the Cambrian-Ordovician AQUITET. ..........ciiiieiiic ettt a e s s 32
Appendixes 2a through 2d. Selected water-quality data for sampled wells in the western part of the
Cambrian-OrdOVICIAN AQUITET ........ccciiiiiiie ittt r bt st e s b e st bt eestes e eateeseesesabeesaeaseenneasbearenas 37
FIGURES

1. Map showing the Western Lake Michigan Drainages study unit of the National Water-Quality
ASSESSINENT PIOZTAIIL ... . cveetereeeterieteteaeetareutaeste st s eetereeteseeea s st ebe st sbene et et raste st teseebe st ebeseeoet et e sneme et seensnsasbesensenencn 3
2-3. Maps showing:
2. Location of study area and bedrock-surface extent of bedrock aquifers and confining units in the

Western Lake Michigan DIainages ..ot ettt e 4

3. Distribution of land use/land cover in the study area........c.cocoeericineiiiiieiceee s s 5

4. Graph showing hydrogeologic section through the study area...........ccocereiniriniiic e 7
5. Map showing the location, well number, and regional aquifer condition of sampled wells.............ccccoevcirireiniene 9

6-7. Graphs showing:
6. Trilinear diagram of percent equivalents of dominant cations and anions in water from sampled wells.... 15
7. Boxplots of concentration of constituents, in water from sampled wells, that exceeded a

U.S. Environmental Protection Agency drinking-water standard................cccoeoeieeicieiieiieei e 17
8-11. Maps showing spatial distribution of:
8. Dissolved nitrate concentrations in ground water from sampled Wells............ccocereneecenriiicce e 18
9. Radon-222 concentrations in ground water from sampled Wells ...........c.ocoivinininneneninieneie e 19
10. Tritium-based recharge dates for ground water from sampled wells ...........coocoooeiieiiiiiienein e, 20
11. Sampled wells in which the ground water contained at least one detectable pesticide or metabolite ......... 22

12-17. Graphs showing:
12.  Boxplots of concentration of total dissolved solids, by regional aquifer condition, in water from

SAMPIE WEIIS ...ttt ettt b et ettt e e st et es e s b e e sae e s e e eneeanees 23
13.  Correlation of calcium plus magnesium and bicarbonate in water from sampled wells..............c.cocoeeenee 24
14.  Boxplots of concentration of dissolved iron, by regional aquifer condition, in water from

SAMPIEA WEIIS ...ttt et bt st s e et b et e st e b s e e e sb et e eb e abs et e nssasbeseesnssennsares 25
15. Boxplots of concentration of dissolved oxygen, by regional aquifer condition, in water from

SAMPIEA WEIIS ..ttt b s et b st a s e b e st ereeaeesesbeeas e st esnessseneeseseeerenns 26
16. Boxplots of concentration of dissolved nitrate, by regional aquifer condition, in water from

SAMPIEd WEIIS ...ttt sat et e e st eane s bennan 27
17. Boxplots of concentration of dissolved ammonium, by regional aquifer condition, in water from

SAMPIEA WEILS ...ttt et cve st e ettt st as b e easas e e et ebs e s easeeasenseeenneetennen 28

CONTENTS V



TABLES

1. Hydrogeologic units in the vicinity of the StUAY Ar€a ..........cccceecerrirreriirieereierir e et e creeens 6
2. Location and characteristics of sampled wells in the western part of the Cambrian-Ordovician aquifer ............... 10
3. Laboratory analysis methods for inorganic and organic CONSHEUENLS ..........cceveveririririerreenirereee e e enene 12
4. Pesticides and metabolites detected in ground water from sampled Wells .........c.cooovrinericiinnnniieneeeee e 16

CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATED WATER-QUALITY UNITS

Multiply By To Obtain
feet (ft) 0.3048 meter (m)
square mile (miz) 2.59 square kilometer (kmz)
pound (Ib) 453,600 milligram (mg)
gallon (gal) 3.785 liter (L)
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Ground-Water Quality in the Western Part of the
Cambrian-Ordovician Aquifer in the Western Lake
Michigan Drainages, Wisconsin and Michigan

By David A. Saad

Abstract

Ground-water samples were collected dur-
ing the summer of 1995 from 29 wells in the west-
ern part of the Cambrian-Ordovician aquifer in the
Western Lake Michigan Drainages study unit of
the National-Water Quality Assessment Program.
Analyses of ground-water samples from these
wells were used to provide an indication of water-
quality conditions in this heavily used part of the
aquifer.

Ground-water samples from domestic, insti-
tutional, and public-supply wells were analyzed
for major ions, nutrients, dissolved organic carbon
(DOC), pesticides, volatile organic compounds
(VOCs), radon-222, and tritium, as well as field
measurements of temperature, pH, specific con-
ductance, dissolved oxygen, and bicarbonate. The
results of water-quality analyses indicate that the
presence of the Maquoketa-Sinnipee confining
unit has an important effect on the ground-water
quality in the study area. Where the study area is
overlain by the confining unit (that is, where it is
regionally confined) sampled water was older
(based on tritium analyses) and often contained
relatively high concentrations of dissolved solids,
up to 2,800 mg/L. Additionally, contaminants such
as nitrate and pesticides were typically detected at
lower concentrations and detected less frequently
in samples from the regionally confined part of the
study area.

The dominant ions in samples from the
study area were calcium, magnesium, and bicar-
bonate which resulted from the dissolution of car-
bonate minerals such as dolomite and calcite.
Sulfate was also a dominant ion in water from
some of the deeper wells in the regionally confined
part of the study area.

Radon-222 was detected in all samples and
66 percent (19 of 29) had concentrations that
exceed the U.S Environmental Protection Agency
(USEPA) proposed maximum concentration level
of 300 pCi/L. Concentrations greater than 300
pCi/L were detected in samples from wells
throughout most of the study area except the
southwest. The higher concentrations were found
in samples from a variety of geohydrologic condi-
tions and do not appear to correlate to a particular
formation or location.

Dissolved nitrate and ammonium were the
most commonly detected nutrients. Dissolved
nitrate concentrations were significantly higher in
ground-water samples from the regionally uncon-
fined part of the study area. The highest concentra-
tions were detected in samples from the
agricultural southwestern part of the study area
from relatively shallow wells that produced mod-
ern water. Dissolved ammonium concentrations
were significantly higher in samples from the
regionally confined part of the study area and
probably resulted from nitrate reduction.

Seven pesticides or metabolites were
detected in ground-water samples, and at least one
pesticide was detected in samples from 24 percent
(7 of 29) of wells. Most of the pesticides were
detected at low concentrations and were from
wells in the regionally unconfined, agricultural,
southwest part of the study area. Atrazine was the
most commonly detected pesticide and was typi-
cally detected in samples from wells that produced
modern water.

INTRODUCTION

The Western Lake Michigan Drainages study
unit of the National Water-Quality Assessment
(NAWQA) Program encompasses an area of about

Abstract 1



19,900 square miles in eastern Wisconsin and central
Upper Michigan (fig. 1). Collection and analysis of
ground-water data in the study unit began in 1993. The
NAWQA design for examining ground-water quality
includes flowpath studies, land-use studies, and study-
unit surveys (Gilliom and others, 1995). Flowpath
studies are generally small in scale and are designed to
examine ground-water quality along inferred flowpaths
and interactions of ground water and surface water.
Land-use studies are designed to examine natural and
human factors that affect shallow ground-water quality
in an area characterized by a specific land use and typ-
ically cover an area ranging from several hundred to
several thousand square miles. Study-unit surveys are
designed to provide an indication of water-quality con-
ditions in the major aquifers or defined hydrogeologic
settings in a study unit and typically cover an area rang-
ing from several thousand to tens of thousands of
square miles.

The Western Lake Michigan Drainages study
unit includes parts of three major aquifers: the Cam-
brian-Ordovician aquifer; the Silurian-Devonian aqui-
fer; and the Quaternary aquifers. The Cambrian-
Ordovician aquifer underlies the eastern two-thirds of
the study unit (fig. 2) and, where it is sufficiently thick,
can produce large yields of water; typically 500 to
1,000 gallons per minute to properly constructed wells
(Olcott, 1968). For this reason, it is the most used aqui-
fer in the study unit and accounts for about 40 percent
of ground-water use. Because it is the most used aqui-
fer, the Cambrian-Ordovician aquifer was chosen as
the first aquifer to be examined as part of the study-unit
survey in the Western Lake Michigan Drainages. The
western part of the Cambrian-Ordovician aquifer was
further targeted for study because few wells exist in the
eastern part of the aquifer where it is overlain by the
more readily accessible Silurian-Devonian and Quater-
nary aquifers.

Purpose and Scope

The purpose of this report is to provide an indi-
cation of the water-quality conditions in the western
part of the Cambrian-Ordovician aquifer in the Western
Lake Michigan Drainages NAWQA study unit. Well-
water samples were collected and analyzed to deter-
mine the concentrations of major ions, nutrients, dis-
solved organic carbon (DOC), 85 pesticides or
metabolites, 60 volatile organic compounds (VOCs),

radon-222, and tritium; field measurements of temper-
ature, pH, specific conductance, dissolved oxygen, and
bicarbonate were also collected. The samples were col-
lected between June, 1995 and September, 1995 from
29 existing wells in the western part of the Cambrian-
Ordovician aquifer in eastern Wisconsin and central
Upper Michigan.

Interpretations made in this report were based on
wells that were randomly located throughout the west-
ern part of the Cambrian-Ordovician aquifer. Ground-
water quality information from this study and future
studies of the other major aquifers will be useful for
three purposes: (1) comparing the water quality from
similar aquifers in different parts of the country; (2)
examining regional differences in the water quality of
an aquifer and between the aquifers in the NAWQA
study unit; and (3) providing a starting point for exam-
ining long-term trends in the water quality of the major
aquifers.
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DESCRIPTION OF STUDY AREA

The study area includes the Cambrian-Ordovi-
cian aquifer in the Western Lake Michigan Drainages
west of the western extent of the Silurian-Devonian
aquifer and underlies an area of about 8,100 square
miles (fig. 2). Land use/land cover overlying the study
area [based on Anderson’s land-use/land-cover catego-
ries (Anderson and others, 1976)] is mainly forest and
forested wetland in the north and agricultural in the
south (fig. 3). Forest and forested wetland accounts of
the largest percentage of land use/land cover (45 per-
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Figure 12. Boxplots of concentration of total dissolved solids, by regional aquifer condition, in water from sampled wells.

(Siegel, 1989). A more likely source of gypsum is the
overlying Maquoketa Shale (Weaver and Bahr, 1991),
which is part of the Maquoketa-Sinnipee confining
unit. Other possible explanations for the high sulfate
concentrations include oxidation of sulfides to sulfate
in recharge areas and a regional ground-water flow
reversal during Pleistocene glaciations (Weaver and
Babhr, 1991). It has been hypothesized that glacial load-
ings caused sulfate-rich evaporite brines, in the Michi-
gan Basin (to the east of the study area), to move
westward into the Cambrian-Ordovician aquifer
(Gilkeson and others, 1983).

Water samples from many wells in the Cam-
brian-Ordovician aquifer had relatively high concen-
trations of dissolved iron (up to 3,200 pg/L). Iron-
bearing minerals and compounds are common in the
Cambrian-Ordovician aquifer (Siegel, 1989), yet con-
centrations were significantly lower (p-value=0.007) in
water samples from regionally unconfined wells than
from regionally confined wells (fig. 14). Iron is not
very soluble under aerobic conditions and the absence
of dissolved iron in ground water is typically an indica-
tion that the aquifer contains dissolved oxygen (Stumm
and Morgan, 1970, p. 545). Concentrations of dis-
solved oxygen were typically higher in water samples

from regionally unconfined wells (fig. 15), however,
this difference was not statistically significant
(p=0.276).

Radon-222 is a naturally occurring radioactive
gas that results from the decay of uranium and it was
detected in samples from all wells. Radon-222 concen-
trations greater than the PMCL (300 pCi/L) in ground
water were found in much of the study area except in
the southwest (fig. 9). The distribution of concentra-
tions above the PMCL is similar to that reported by
Warzecha and others (1995) for northeastern Wiscon-
sin. These concentrations do not appear to correlate to
a particular formation or location, because they were
found in much of the study area under a variety of geo-
hydrologic conditions.

Nutrients in ground water can originate from
several sources including atmospheric deposition, pre-
cipitation, fixation, and dissolution of geologic materi-
als, but elevated concentrations usually are associated
with releases from septic systems or agricultural land-
use practices that apply fertilizer and manure to the
land surface. Nitrate concentrations in the Cambrian-
Ordovician aquifer were significantly higher
(p-value=0.006) in samples from the regionally
unconfined part of the study area than from where

GROUND-WATER QUALITY 23
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Figure 14. Boxplots of concentration of dissolved iron, by regional aquifer condition, in water from sampled wells.

it is regionally confined (fig. 16). Further, the highest
nitrate concentrations (greater than the PAL of 2.0
mg/L) were detected in samples from the southwest
part of the study area (fig. 8) where land use is prima-
rily agricultural and surficial deposits are relatively
permeable. A retrospective study of nutrient data in the
Western Lake Michigan Drainages also indicated high
nitrate concentrations in ground water in this area
(Robertson and Saad, 1996). Most of the samples from
the Cambrian-Ordovician aquifer study that had high
nitrate concentrations were from relatively shallow
wells that produced modern water. Nitrate was detected
in only 1 of 10 wells in the regionally confined part of
the study area even though six of the wells are in areas
that include agricultural land use.

Concentrations of dissolved ammonium were
significantly higher in water samples from regionally
confined wells than from regionally unconfined wells
(fig. 17). The reason for higher concentrations of dis-
solved ammonium and lower concentrations of dis-
solved nitrate in samples from the regionally confined
part of the study area may be due to reduction of nitrate
to ammonium and denitrification. Reduction of nitrate
to ammonium and denitrification occur under anaero-
bic conditions (Korom, 1992). The median concentra-

tion of dissolved oxygen in samples from the
regionally confined area was 0.30 mg/L, compared to
2.38 mg/L in the regionally unconfined area (fig. 15),
however, as mentioned earlier, this difference was not
statistically significant.

The pesticides or metabolites detected in water
samples from this study do not naturally occur in
ground water. These chemicals in ground water prima-
rily result from leaching of pesticides applied or spilled
at the land surface. Pesticides are used for different pur-
poses, in all parts of the study area but most of those
detected in ground-water samples in the study area are
used for agricultural practices. Pesticides or metabo-
lites were detected in water samples from seven wells
(fig. 11), and as with high concentrations of nitrate,
most of the wells are located in the regionally uncon-
fined, southwestern part of the study area where the
land use is primarily agricultural. Most of the samples
containing detectable pesticides or metabolites were
from wells that produced modern water. Atrazine, for
example, was detected in 6 of 29 water samples and
five of those samples were of modern water (water that
was recharged after about 1955). This follows because
atrazine was not registered until 1958 and was not
widely used in the study area until the early 1960s

GROUND-WATER QUALITY 25
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Figure 15. Boxplots of concentration of dissolved oxygen, by regional aquifer condition, in water from sampled wells.

(Wollenhaupt and others, 1990). The one old water
sample that contained atrazine was probably due to
mixing of waters of different ages. Any ground-water
sample is a composite of water of different ages and it
would require only a small amount of modern water,
containing atrazine, to be mixed with old water to show
detectable concentrations of atrazine without affected
the tritium-based recharge date. The concentration of
atrazine in the sample of old water was the lowest of
any of the detections.

SUMMARY

Ground-water samples were collected during the
summer of 1995 from 29 wells in the western part of
the Cambrian-Ordovician aquifer in the Western Lake
Michigan Drainages. These wells were used to provide
an indication of water-quality conditions in this heavily
used part of the aquifer.

The results of water-quality analyses indicate
that the presence of the Maquoketa-Sinnipee confining
unit has an important effect on the ground-water qual-
ity in the study area. Where the study area is overlain
by the confining unit (that is, where it is regionally con-
fined) sampled water was older (based on tritinm anal-

yses) and often contained high concentrations (greater
than 1,000 mg/L) of dissolved solids. Additionally, con-
taminants such as nitrate and pesticides were typically
detected at lower concentrations and detected less fre-
quently in samples from the regionally confined part of
the study area.

The dominant ions in samples from the study area
were calcium, magnesium, and bicarbonate which
resulted from the dissolution of carbonate minerals such
as dolomite and calcite. Sulfate was also a dominant ion
in water from some of the deeper wells in the regionally
confined part of the study area.

Radon-222 was detected in all samples and 66 per-
cent (19 of 29) had concentrations that exceed the U.S
Environmental Protection Agency (USEPA) proposed
maximum concentration level of 300 pCi/L. Concentra-
tions greater than 300 pCi/L were detected in samples
from wells throughout most of the study area except the
southwest. The higher concentrations were found in sam-
ples from a variety of geohydrologic conditions and do
not appear to correlate to a particular formation or loca-
tion.

Dissolved nitrate and ammonium were the most
commonly detected nutrients. Dissolved nitrate concen-
trations were significantly higher in ground-water sam-

26 Ground-Water Quality in the Western Part of the Cambrian-Ordovician Aquifer in the Western Lake Michigan Drainages,
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Figure 16. Boxplots of concentration of dissolved nitrate, by regional aquifer condition, in water from sampled wells.

ples from the regionally unconfined part of the study
area. The highest concentrations were detected in sam-
ples from the agricultural southwestern part of the
study area from relatively shallow wells that produced
modern water. Dissolved ammonium concentrations
were significantly higher in samples from the region-
ally confined part of the study area and probably
resulted from nitrate reduction.

Seven pesticides or metabolites were detected in
ground-water samples, and at least one pesticide was
detected in samples from 24 percent (7 of 29) of wells.
Most of the pesticides were detected at low concentra-
tions and were from wells in the regionally unconfined,
agricultural, southwest part of the study area. Atrazine
was the most commonly detected pesticide and was
typically detected in samples from wells that produced
modern water.
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Appendix 1. Water-quality constituents analyzed in ground-water samples from wells in the western part of the Cambrian-
Ordovician aquifer

[na, not applicable; pS/cm, microsiemens per centimeter; °C, degrees Celsius; mg/L, milligrams per liter; pg/L, micrograms per liter; pCi/L, picocuries
per liter]

Number of samples/ Laboratory method

Constituent Pa:;aorzzter number of detection limit
detections (MDL)
FIELD MEASUREMENTS
Bicarbonate, whole water, mg/L as HCO5” 00450 29/29 na
Dissolved oxygen, mg/L 00300 28/28 na
pH (standard units) 00400 29/29 na
Specific conductance (uS/cm at 25°C) 00095 29/29 na
Water temperature (‘C) 00010 29/29 na
INORGANICS

Total dissolved solids, (residue at 180°C) 70300 29729 1.0
Major ions (sample passed through 0.45-micron filter; MDL in mg/L unless otherwise noted)
Bromide 71870 29727 0.01
Calcium 00915 29/29 0.02
Chloride 00940 29729 0.1
Fluoride 00950 29/18 0.1
Iron 01046 29722 3.0 pg/L
Magnesium 00925 29729 0.01
Manganese 01056 29/21 1.0 ug/L
Potassium 00935 29729 0.1
Silica 00955 29729 0.01
Sodium 00930 29729 0.2
Sulfate 00945 29/29 0.1
Nutrients (sample passed through 0.45-micron filter; MDL in mg/L)
Ammonia, as N (described as ammonium in text and 00608 29721 0.015

appendix 2)
Ammonia plus organic, as N (described as ammonium 00623 2977 0.2

plus organic in text and appendix 2)
Nitrite, as N 00613 29/3 0.01
Nitrite plus nitrate, as N 00631 29712 0.05
Orthophosphorus, as P (described as orthophosphate in 00671 29/2 0.01

text and in appendix 2)
Phosphorus, as P 00666 29/8 0.01
Radionuclides (whole water sample; MDL in pCi/L)
Radon-222 82303 29/29 24
Tritium 07000 29727 0.3

ORGANICS

Dissolved organic carbon (sample passed through 00681 287128 0.1 mg/LL

0.45-micron silver filter)
Pesticides or metabolites (Schedules 2001 and 2010; sample passed through 0.7-micron filter; MDL in pg/L)

Acetochlor 49260 29/0 0.002
Alachlor 46342 29171 0.002
Atrazine 39632 29/6 0.001
Atrazine, deethy!! 04040 29/6 0.002
Azinphos, methyl- 82686 29/0 0.001

Ground-Water Quality in the Western Part of the Cambrian-Ordovician Aquifer in the Western Lake Michigan Drainages,
Wisconsin and Michigan



Appendix 1. Water-quality constituents analyzed in ground-water samples from wells in the western part of the Cambrian-
Ordovician aquifer—Continued

Number of samples/ Laboratory method

Constituent Pa:aon:!:ter number of detection limit
detections (MDL)
Pesticides or metabolites (Schedules 2001 and 2010)—Continued
Benfluralin 82673 29/0 0.002
Butylate 04028 29/0 0.002
Carbaryl (Sevin)! 82680 29/0 0.003
Carbofuran! 82674 29/0 0.003
Chlorpyrifos 38933 29/0 0.004
Cyanazine 04041 29/0 0.004
DCPA (Dacthal) 82682 2970 0.002
DDE, p,p’- 34653 29/0 0.006
Diazinon 39572 29/0 0.002
Dieldrin 39381 2970 0.001
Diethylaniline, 2°6- 82660 2970 0.003
Disulfoton 82677 2970 0.017
EPTC (Eptam) 82668 29/0 0.002
Ethalfluralin 82663 29/0 0.004
Ethoprop 82672 2970 0.003
Fonofos 04095 29/0 0.003
HCH, alpha 34253 29/0 0.002
Lindane 39341 29/0 0.004
Linuron 82666 29/0 0.002
Malathion 39532 29/0 0.005
Metolachlor 39415 2971 0.002
Metribuzin 82630 29/0 0.004
Molinate 82671 29/0 0.004
Napropamide 82684 29/0 0.003
Parathion, ethyl- 39542 29/0 0.004
Parathion, methyl- 82667 29/0 0.006
Pebulate 82669 2910 0.004
Pendimethalin 82683 29/0 0.004
Permethrin, cis- 82687 29/0 0.005
Phorate 82664 29/0 0.002
Prometon 04037 29/1 0.018
Pronamide 82676 29/0 0.003
Propachlor 04024 29/0 0.007
Propanil 82679 29/0 0.004
Propargite 82685 29/0 0.013
Simazine 04035 29/1 0.005
Thiobencarb 82670 29/0 0.002
Tebuthiuron 82665 29/0 0.01
Terbacil! 82675 29/0 0.007
Terbufos 82681 29/0 0.013
Triallate 82678 29/0 0.001
Trifluralin 82661 29/0 0.002
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Appendix 1. Water-quality constituents analyzed in ground-water samples from wells in the western part of the Cambrian-
Ordovician aquifer—Continued

Number of samples/ Laboratory method

Constituent Pa;aon;:ter number of detection limit
detections (MDL)
Pesticides or metabolites (Schedules 2050 and 2051; sample passed through 0.7-micron filter, MDL. in pg/L)
2,4,5-T 39742 2970 0.035
2,4-D 39732 29/0 0.035
2,4-DB 38746 29/0 0.035
Acifluorfen (Blazer) 49315 29/0 0.035
Aldicarb 49312 2979 0.016
Aldicarb sulfone 49313 29/0 0.016
Aldicarb sulfoxide 49314 29/0 0.021
Bentazon 38711 29/0 0.014
Bromacil 04029 2970 0.035
Bromoxynil 49311 29/0 0.035
Carbaryl (Sevin) 49310 2970 0.008
Carbofuran 49309 29/0 0.028
Carbofuran, 3-hydroxy- 49308 2970 0.014
Chloramben (Ambien) 49307 29/0 0.011
Chlorothalonit’ 49306 29/0 0.035
Clopyralid 49035 29/0 0.05
Dacthal, mono-acid- 49304 2970 0.017
Dicamba 38442 2970 0.035
Dichlobenil! 49303 29/1 0.02
Dichlorprop 49302 2970 0.032
Dinoseb 49301 29/0 0.035
Diuron 49300 29/0 0.02
DNOC! 49299 29/0 0.035
Esfenvalerate! 49298 29/0 0.019
Fenuron 49297 2970 0.013
Fluometuron 38811 29/0 0.035
Linuron 39478 29/0 0.018
MCPA 38482 2970 0.05
MCPB 38487 29/0 0.035
Methiocarb 38501 29/0 0.026
Methomyl 49296 29/0 0.017
1-Naphthol ! 49295 29/0 0.007
Neburon 49294 29/0 0.015
Norflurazon 49293 29/0 0.024
Oryzalin 49292 29/0 0.019
Oxamyl 38866 29/0 0.018
Picloram 49291 29/0 0.05
Propham 49236 29/0 0.035
Propoxur 38538 29/0 0.035
Silvex 39762 2970 0.021
Triclopyr 49235 29/0 0.05
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Appendix 1. Water-quality constituents analyzed in ground-water samples from wells in the western part of the Cambrian-
Ordovician aquifer—Continued

Number of samples/ Laboratory method

Constituent Pal;aonszter number of detection limit
detections (MDL)

Volatile organic compounds (whole water sample; MDL in pg/L)
Benzene 34030 26/0 0.2
Benzene, 1,2,3-trichloro- 77613 26/0 0.2
Benzene, 1,2,4-trichloro- 34551 26/0 0.2
Benzene, 1,2,4-trimethyl- 77222 26/0 0.2
Benzene, 1,2-dichloro- 34536 26/0 0.2
Benzene, 1,3,5-trimethyl- 77226 26/0 0.2
Benzene, 1,3-dichloro- 34566 26/0 0.2
Benzene, 1,4-dichloro- 34571 26/0 0.2
Benzene, 1-chloro-2-methyl- 77275 26/0 0.2
Benzene, 1-chloro-4-methyl- 77277 26/0 0.2
Benzene, isopropyl- 77223 26/0 0.2
Benzene, bromo- 81555 26/0 0.2
Benezene, chloro- 34301 26/0 0.2
Benzene, dimethyl- 81551 26/0 0.2
(Xylene)
Benzene, ethyl- 34371 26/0 0.2
Benzene, 1-methyl-4-isopropyl- 77356 26/0 0.2
Benzene, methyl- 34010 26/0 0.2
(Toluene)
Benzene, n-butyl- 77342 26/0 0.2
Benzene, n-propyl- 77224 26/0 0.2
Benzene, sec-butyl- 77350 26/0 0.2
Benzene, tert-butyl- 77353 26/0 0.2
Ethane, 1,1,1,2-tetrachloro- 77562 26/0 0.2
Ethane, 1,1,1-trichloro- 34506 26/0 0.2
Ethane, 1,1,2,2-tetrachloro- 34516 26/0 0.2
Ethane, 1,1,2-trichloro- 34511 26/0 0.2
Ethane, 1,1-dichloro- 34496 26/0 0.2
Ethane, 1,2-dibromo- 77651 26/0 0.2
Ethane, 1,2-dichloro- 32103 26/0 0.2
Ethane, chloro- 34311 26/0 0.2
Ethane, trichlorotrifluoro- 77652 26/0 0.2
Ethylene, 1,1-dichloro- 34501 26/0 0.2
Ethylene, chloro- 39175 26/0 0.2
(Vinyl chloride)
Ethylene, cis-1,2-dichloro- 77093 26/0 0.2
Ethylene, tetrachloro- 34475 26/0 0.2
Ethylene, trans-1,2-dichloro- 34546 26/0 0.2
Ethylene, trichloro- 39180 26/0 0.2
Hexachlorobutadiene 39702 26/0 0.2
Methane, bromo- 34413 26/0 0.2
Methane, bromochloro- 77297 26/0 0.2

APPENDIXES 1-2 35



Appendix 1. Water-quality constituents analyzed in ground-water samples from wells in the western part of the Cambrian-
Ordovician aquifer—Continued

Parameter Number of samples/ Laboratory method

Constituent code number of detection limit
detections (MDL)

Volatile organic compounds—Continued
Methane, chloro- 34418 26/0 0.2
(methyl chloride)
Methane, dibromo- 30217 26/0 0.2
Methane, dibromochloro- 32105 26/0 0.2
Methane, dichloro- 34423 2612 0.2
(methylene chloride)
Methane, dichlorobromo- 32101 26/0 0.2
Methane, dichlorodifluoro- 34668 26/0 0.2
Methane, tetrachloro- 32102 26/0 0.2
Methane, tribromo- 32104 26/0 0.2
Methane, trichloro- 32106 26/0 0.2
(chloroform)
Methane, trichlorofluoro- 34488 26/0 0.2
Naphthalene 34696 26/0 0.2
Propane, 1,2,3-trichloro- 77443 26/0 0.2
Propane, 1,2-dibromo-3-chloro- 82625 26/0 1.0
Propane, 1,2-dichloro- 34541 26/0 0.2
Propane, 1,3-dichloro- 77173 26/0 0.2
Propane, 2,2-dichloro- 77170 26/0 0.2
Propene, 1,1-dichloro- 77168 26/0 0.2
Propene, 2-methoxy-2-methyl- 78032 26/0 0.2
(MTBE)
Propene, cis-1,3-dichloro- 34704 26/0 0.2
Propene, trans-1,3-dichloro- 34699 26/0 0.2
Styrene 77128 26/0 02

! These pesticides or metabolites demonstrated variable recoveries and are reported as estimated values in appendix 2 if measured concentrations
were above the MDL.
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38 Ground-Water Quality in the Western Part of the Cambrian-Ordovician Aquifer in the Western Lake Michigan Drainages,
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